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Abstract 
Vehicular ad hoc networks (VANETs) are highly mobile wireless network. Vehicular Ad-hoc Network (VANET) is becoming the most suitable 
solution for driving assistance and traffic monitoring in the current scenario. A VANET provides vehicle to vehicle connectivity and can be used 
as an alert system in the vehicles. However, due to vehicle mobility, limited wireless resources, and the lossy characteristics of a wireless 
channel, achieving a reliable multi hop communication in VANETs is particularly challenging. In this paper, we propose PP-AODV, which is a 
portable VANET routing protocol that learns the optimal route by employing a fuzzy constraint Q-learning algorithm based on ad hoc on-demand 
distance vector (AODV) routing. With the help of fuzzy logic it is estimated whether a link is good or not by considering multiple metrics which 
are specifically the available Bandwidth,Delay,packet collision probability. The protocol can understand vehicle movement based on neighbour 
information when position information is unavailable. Simulations show that the proposed protocol showed good performance with a rise in 
packet delivery ratio, decreased end-to-end delay, and low overhead. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of organizing committee of the 3rd International Conference on Recent Trends in Computing 
2015 (ICRTC-2015). 
1. Introduction 
Rapid growth in the automobile industry makes a way for communication between vehicles which leads to 
intelligent transportation system (ITS). [1]- [4]. VANETs are vehicular ad hoc networks is a collection of wireless 
node that forms a momentary network to communicate between vehicles.   The main use of VANETs is for safety 
and comfort application. The moving vehicles in the roadside are considered as nodes and these nodes can 
communicate with each other. These vehicle nodes are equipped with wireless devices to connect with the other 
devices fitted in the vehicles. During the communication, the vehicles communicate and transfer many useful 
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information .Reliability value is calculated by collecting some information like node location, direction and the 
velocity of the node. VANETs are different from other wireless networks in a way that they have high transmission 
power, high computational capability 
2.Existing system 
Wang et al proposed two algorithms i.e., connection based restricted forwarding (CBRF)[5] and 
connectionless geographic forwarding (CLGF), for small-scale VANETs and a two-phase routing protocol (TOPO) 
for large-scale.CBRF increases the packet delivery ratio by avoiding unnecessary route discovery. CLGF uses a 
location-based approach to forward a packet by considering the MAC layer queue length at the candidate nodes. 
The TOPO incorporates map information in routing.  
Taleb et al. have proposed a scheme [6] to enhance the stability of inter-vehicle communications and 
vehicle -to- roadside communications. In This scheme vehicles are grouped according to their direction of 
movement, and choose the most stable route.  
Shafiee and Leung have proposed a protocol [7] that utilizes position information to choose a route that has 
the minimal delay and adequate connectivity.  
Yang et al have proposed an adaptive connectivity aware routing protocol,[8]which adaptively selects an 
optimal route with the best network transmission quality.  
Goonewardene et al have proposed a clustering scheme for highly dynamic VANETs named robust 
mobility adaptive clustering (RMAC).[9] Here it selects optimal cluster heads based on relative node mobility, 
speed, locations, and direction of travel.  
Al-Rabayah and Malaney have proposed HLAR, a hybrid location-based routing protocol[10]. This 
protocol combines two concepts of reactive routing and greedy routing. 
Huang and Fang have explored the node-disjoint multipath routing performance in VANETs [11]. Even 
though multipath routing approaches can improve the packet delivery ratio, they also increase the message 
overhead; resulting in an increase certain protocols have been proposed to improve routing without relying on 
positioning systems.  
Zhang et al have proposed an estimated-distance-based routing protocol (EDRP)[12] to reduce the routing 
control overhead. It is achieved by restricting the propagation range of RREQ packets. Here, RSS is used to estimate 
the geometrical distance between a pair of nodes. But this is difficult to achieve in real-world scenarios. 
Sofra et al have proposed a cross-layer approach, which utilizes PHY-layer information to estimate a link’s 
residual time (LRT)[13]. Since LRT is an estimate for a link, it is difficult to make a comparison between two 
different multi-hop paths. There have been several protocols that use cross-layer approaches.  
Zhou et al have proposed a cross-layer protocol that incorporates link capacity detection at the MAC 
Layer,[14] flow rate control at the transport layer, and routing design at the network layer.  
 Ding and Leung have studied cooperative transmission on the routing decision and proposed a path 
selection strategy to achieve a trade-off between the transmission power consumption and end-to-end reliability.[15] 
However, the cross-layer approach is difficult to implement and is not portable in MAC layer contention time in the 
neighbourhood.  
Saleet et al have proposed an intersection based geographical routing protocol (IGRP) for city 
environments[16]. IGRP efficiently selects road intersections to forward a packet to reach the gateway.  
Chang et al have proposed shortest-path-based traffic-light-aware routing (STAR),[17] which utilizes 
connected red light segments for packet forwarding.  
Jerbi et al have proposed GyTAR, which is an improved greedy traffic-aware routing protocol [18]. 
GyTAR utilizes a dynamic and in-sequence selection of intersections to forward data packets to the destination.  
Nzouonta et al have proposed a VANET protocol that takes advantage of successions of road intersections 
to deliver data packets [19]. 
None of these protocols can provide a generic solution for point-to-point routing in VANETs. An efficient 
protocol needs to consider multiple metrics in the route selection. It is also important to design a flexible routing 
protocol because the network topology and channel parameters are different for different scenarios. FUZZBR is a 
fuzzy-logic-based multi-hop broadcast protocol [20]. FUZZBR employs fuzzy logic to make a decision based on 
imprecise information. However, FUZZBR is not designed for point-to-point communication. 
2.1Quality Of Service 
The term Quality of Service (QoS) is used to express the level of performance [21] provided to users. Most 
QoS routing strategies aim to provide robust routes among nodes and try to minimize the amount of time required to 
1396   G. Mary Valantina and S. Jayashri /  Procedia Computer Science  57 ( 2015 )  1394 – 1400 
rebuild a broken connection 
In this paper the protocol uses fuzzy logic to evaluate whether a wireless link is good or not by considering 
multiple metrics which are specifically the available Bandwidth,Delay,packet collision probability. Based on an 
evaluation the proposed protocol learns the best route using the route request (RREQ) messages and hello messages. 
In the absence of position information the protocol can infer vehicle movement based on neighbour information.  
Simulations show that proposed protocol showed good performance with high packet delivery ratio, low end-to-end 
delay, low routing overhead 
3.Problem with the Original AODV approach 
In AODV, when a node decides to send a data, it broadcasts an RREQ message in the network. On first 
receiving the message, each node rebroadcasts it. From the second reception of the same message, each node checks 
whether the new path (back to the source node) is better than the current one or not. If the new path uses a smaller 
number of hops, the node updates its record of the route to the source node. In this way, the route chosen is always 
the shortest path to the destination node. However, in VANET, the shortest route need not be optimal path due lot of 
reasons. Therefore, we have to consider multiple metrics to increase the possibility of choosing the correct route is 
dependent on all the nodes that participate in the data forwarding.  
 3.1Protocol Design 
The proposed protocol PP-AODV is based on AODV routing. We used AODV routing because it is a 
widely accepted routing protocol. PP-AODV aims to find the best multihop route from the source node to the 
destination node. The efficiency of a multihop route depends on all the direct wireless links (one hop links) that 
constitute the route. PP-AODV employs fuzzy logic. With the help of fuzzy logic it is estimated whether a link is 
good or not by considering multiple metrics which are specifically the available Bandwidth,Delay,packet collision 
probability and uses a Q-learning-based approach to select a route in a way that can provide multihop reliability and 
high efficiency. 
Delay: 
 
Delay= ܦݔ ǡݕܦ݉ܽݔ െσ ܦݔݕݔൌͳ
 
 
Where  ܦݔǡ ݕ =Estimated delay to next hop 
 ܦ݉ܽݔ=Maximum Delay limit 
 σ ܦݔݕݔൌͳ =Total delay from node ݔ to ݕ 
 
Bandwidth(BW): 
 
BWx     =  
   
    
 
Packet collision probability: 
 
P=1-(1-Ʈ)n-1 
 
Where  n-number of vehicles n 
 Ʈ -probability of a node transmission 
 
Each node broadcasts hello messages periodically. Each hello message includes the sender node’s available 
bandwidth and all neighbours’ addresses. By using hello messages, each node maintains its two-hop neighbour 
information.  
 PP-AODV, which is a portable VANET routing protocol that learns the optimal route by employing a 
fuzzy constraint Q-learning algorithm based on ad hoc on-demand distance vector (AODV) routing. With the help 
of fuzzy logic it is estimated whether a link is good or not by considering multiple metrics which are specifically the 
available Bandwidth,Delay,packet collision probability as shown in Table 1. The protocol can understand vehicle 
movement based on neighbour information when position information is unavailable. 
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   Table 1.Fuzzy Rules 
 
Rules delay packet collision bandwidth Evalution 
 
 
1 low low high Verygood 
2 low low medium    good 
3 low low low    fair 
4 high high low verybad 
5 high medium low     bad 
6 medium medium medium     good 
7 medium medium high     fair 
8 medium low high     good 
9 low medium high     good 
10 high medium high    bad 
 
 
In a manner similar to the original AODV, when a data transmission is required, the source node broadcasts an 
RREQ message. Each node rebroadcasts the RREQ upon the first reception. In PP-AODV, Q-values are updated 
upon reception of hello messages or RREQ messages. Route updating is conducted from the destination to the 
source node. Upon reception of an RREQ message, the destination node chooses the best next hop (i.e., the next hop 
in the direction back to the source node) according to its Q-table, and uses this next hop node to send a route reply 
packet (RREP) back to the source node. A node with the highest Q-value is selected as the next hop node after 
consulting the Q-table. Upon reception of an RREP message, each subsequent node chooses its next hop node using 
the same method and forwards the RREP. In this way, the RREP packet is forwarded until the source node is 
reached. By using the fuzzy-logic-based link status evaluation and Q-learning-based route evaluation, PP-AODV 
can choose the best route for data forwarding 
   Table 2.Simulation Parameters 
 
Paramets Value 
 
S imulation Area 1500*1000m 
S imulator NS -2 
P rotocol P P -AO D V  & AO D V  
P acket S ize 512 bytes  
S tandard IE E E  802.11p 
No. of Nodes  70 
T ransmission R ange 250-400 m 
V elocity of Nodes  25-40 m/s  
Antenna type O mni Antenna 
 
 
We propose a Point-to-Point Ad-hoc On Demand Vector (PP-AODV) protocol that learns the reliable route by 
employing a fuzzy constraint Q-learning based algorithm. This takes into account the factors 
Bandwidth,Delay,packet collision probability.PP-AODV establishes a stable network route between 2 fixed regions 
PP-AODV selects a network route along major streets where mobility of nodes are far greater than seen in the 
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narrow streets. Preference is given to the nodes which move in the same direction. Thus the route setup time is 
brought down considerably. The simulation is done in ns-2 simulator and the simulation values are given in Table 2. 
3.2High Packet Delivery Ratio 
Packet delivery ratio gives the ratio of the total number of packets received to the total number of packets being sent 
Higher Packet Delivery ratio is achieved by reducing the overhead routing.As shown in Fig 1.PP-AODV shows the 
highest packet delivery ratio compared to AODV protocol. Since  AODV does not consider the available banwidth 
of the network so it simply sends the RREQ packets in the network. At one point the packets gets jammed when 
there is only a low bandwith of network is available.This reduces the packet delivery ratio of AODV protocol .On 
the other hand PP-AODV considers the Bandwidth into consideration therefore it sends the hello messages 
according to available bandwidth so the packet delivery ratio of it increases. 
 
  Fig1.  Packet delivery ratio 
3.3End to End Delay and Route Connection Status 
Low end to end delay and stable connection is achieved by PP-AODV protocol by reducing the number of hops. 
Number of hops are considerably reduced by making use of a point to point to approach instead of a grid-based 
approach. AODV Sends message based on only number of hops it does not calculate the delay caused by the packets 
in each hop and hence the end to end delay is high for AODV.Whereas PP-AODV considers the  delay into 
calaculation which is able to select low delaypath thereby decreasing the end to end delay as shown in Fig3. 
 
  Fig 2. End to end delay 
 
3.4Routing Overhead 
The routing overhead of PP-AODV is low compared to the AODV protocol as shown in Fig 3.AODV simply places 
the RREQ in the network without considering the packet collision probability. So the probability of packets getting 
collided in the network becomes high as it not considering the bandwidth also.So it again places another  route 
request process in the network which increases the routing overhead of the network which happens quite opposite in 
PP-AODV.Because PP-AODV considers the Packet collision probability in to account which is capable of selected 
a route with minimum number of hello messages 
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  Fig 3. Routing overhead 
 
We are thus successful in designing a protocol that can actually shoot up the delivery ratio compared to the existing 
protocols.PP-AODV constructs a route along major streets, the notion being to establish a strong communication 
link through the streets where the traffic density is relatively higher compared to the narrow ones. To minimize the 
number of hops PP-AODV follows a point to point communication scheme. Minimizing the number of hops thus 
decreases the breakage of link. The packet delivery ratio of PP-AODV is increased increases up to around 20 
percent compared to the existing protocols.  
4.Conclusion 
We have proposed PP-AODV, a fuzzy constraint Q-learning routing protocol for VANETs. PP-AODV employs 
fuzzy logic. With the help of fuzzy logic it is estimated whether a link is good or not by considering multiple metrics 
which are specifically the available Bandwidth,Delay,packet collision probability and uses a Q-learning-based 
approach to select a route in a way that can provide multihop reliability and high efficiency. PP-AODV finds out the 
suitable route by using hello messages and RREQ messages. PP-AODV can be used in different scenarios by 
modifying the fuzzy membership functions and fuzzy rules. Through experimental results and simulations, we have 
confirmed the advantages of PP-AODV over other alternatives. The performance metrics of the Packet Delivery has 
been increased by approximately around 20% (of the existing protocol) in the proposed protocol. We are thus 
successful in designing a protocol that can actually shoot up the delivery ratio compared to the existing protocols. 
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